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Abstract 
Student behavior in inquiry learning environments has often been found to be in need of 
(meta)cognitive support. Two pilots revealed that students might also benefit from 
motivational support in such an environment. An experiment with 61 junior high school 
students (ages 14-16) compared three conditions related to motivational support: a motivating 
agent (female image and voice), the agent's voice only, or no support. The support provided 
addressed two vital components of motivation: task-relevance and self-efficacy belief. The 
learning environment covered a topic in physics, a domain for which a gender difference in 
self-efficacy has frequently been reported. The effects of both gender and condition were 
investigated. Overall, students showed gains in self-efficacy belief, perceptions of task-
relevance, and learning. Effects related to gender and condition included the finding that: (1) 
when the task was more difficult, the self-efficacy belief of the girls tended to increase for the 
Agent and Voice condition while staying equal in the Control condition, whereas that of the 
boys increased in the Control condition but decreased for the Agent and Voice condition, and 
(2) girls tended to learn more in the Agent and Voice condition while boys did better in the 
Control condition. The discussion addresses the question of how to create an agent that fulfills 
basic requirements of credibility (external properties) and task-specific support (internal 
properties). 
 
Keywords: Animated Pedagogical Agents, Motivation, Inquiry learning, Simulation-based 
learning environments 
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Introduction 
Inquiry learning approaches invite students to engage actively in a variety of activities 
that have been found to relate to knowledge development, such as orienting, formulating 
hypotheses, experimenting, and drawing conclusions (de Jong, 2006b). Reviews invariably 
reveal that students need support when engaging in such inquiry activities; pure inquiry 
learning is less conductive to learning than direct instruction or guided-inquiry learning (e.g., 
Alfieri, Brooks, Aldrich, & Tenenbaum, 2011; Eysink, de Jong, Berthold, Kolloffel, 
Opfermann, & Wouters, 2009; Kirschner, Sweller, & Clark, 2006; Scalise, Timms, Moorjani, 
Clark, Holtermann, & Irvin, 2011). Therefore, considerable effort is spent on creating 
scaffolds that support the inquiry processes of students in inquiry learning environments. A 
large majority of these support tools are directed toward the development of (meta)cognitive 
processes (de Jong, 2006a). 
The extent to which students actively engage in inquiry processes and gain knowledge 
from these activities depends not only on their (meta)cognition, but also on their motivation. 
Students must be willing to explore the learning environment, and they must persist and exert 
effort when faced with difficult tasks (Wang, Johnson, Mayer, Rizzo, Shaw, & Collins, 2008). 
These activities are at risk when students fail to perceive the relevance of engaging in 
pertinent tasks and activities and when they have little confidence in their ability to handle 
problems they encounter in the learning environment. In other words, motivation, “the process 
whereby goal-directed activity is instigated and sustained” (Pintrich & Schunk, 2002, p. 5), is 
also a precondition of successful inquiry learning. 
Research on student behavior in inquiry learning environments occasionally reports 
findings that might signal motivational deficiencies. For instance, Hagemans, van der Meij, 
and de Jong (submitted) found that students rarely went back to restudy assignments they had 
initially completed incorrectly. Because the learning environment clearly flagged answers as 
being (in)correct, the relative dearth of restudying behavior is likely to be due to lack of 
motivation. Many studies have reported lack of exploration by students of a sufficient set of 
factors or variables and random or haphazard rather than systematic and complete testing of 
variables and conditions, which may be overcome by cognitive support (e.g., de Jong & van 
Joolingen, 1998; Mayer, 2004), but which may also be signs of lack of motivation. 
These findings  do not constitute proof of motivational problems, of course. At best, 
they provide circumstantial evidence that motivation may be at stake. A study on motivational 
support in inquiry learning environments should therefore first ascertain whether such support 
might be needed and helpful. This was done in two pilots with students from the target 
audience. The first pilot showed that student motivation for task engagement in an inquiry 
learning environment on a science topic was indeed relatively low. In the second pilot, 
significant motivational gains were observed for students working in the same environment 
who received motivational comments from an experimenter. These pilots provided 
justification for conducting an experiment on the role of an Animated Pedagogical Agent 
(APA) in improving student motivation and learning in this environment. Because research 
repeatedly reports the presence of gender differences in high school students’ motivation for 
science (e.g., Catsambis, 1995; Lau & Roeser, 2002; Mattern & Schau, 2002; Osborne, 
Simon, & Collins, 2003; Yeung, Kuppan, Kadir, & Foong, 2011), we paid particular attention 
to this issue. 
 
Animated Pedagogical Agents (APAs) 
Animated Pedagogical Agents (APAs) are broadly described as lifelike characters that 
guide users through multimedia learning environments. In educational settings this definition 
is usualy refined by adding that the APA is intended to enhance learning (e.g., Craig, 
Gholson, & Driscoll, 2002; Moreno, Reislein, & Ozogul, 2010; Shaw, Johnson, & Ganeshan, 
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1999). There are APAs in many different guises, including humans (e.g., AutoTutor - 
Graesser & McNamara, 2010), animals (e.g., Herman the Bug - Moreno, Mayer, Spires, & 
Lester, 2001b), and inanimate objects (e.g., Microsoft’s Clippy - Haake, 2009). 
An important stimulus for the inclusion of APAs in multimedia learning environments 
is that they can humanize the user experience. In fact, some of the first APAs were introduced 
into electronic environments specifically for the purpose of making the users’ interactions 
with the system more life-like (e.g., André, Mailer, & Rist, 1996; Bates, 1994; Cassell, 2000; 
Lester, Converse, Kahler, Barlow, Stone, & Bhogal, 1997; Paiva & Machado, 1998; Picard & 
Klein, 2002). Considerable design efforts went into creating a likeable, intelligent, credible, 
and trustworthy agent that improved user interactions with the system. Users' experiences 
with the system would then be tested and their views on the agent's qualities elicited. When 
agents began to be used in education, attention shifted toward the design of agents that could 
affect student motivation and learning. 
Variously labeled as social cue, social agency, or persona effect (henceforth simply the 
persona effect), the claim has been examined that the sheer presence of an APA primes a 
social interaction schema that positively influences student motivation (e.g., Atkinson, Mayer, 
& Merrill, 2005; Choi & Clark, 2006; Lester, et al., 1997; Mayer, 2005; Moreno, Mayer, 
Spires, & Lester, 2001a; Moundridou & Virvou, 2002; Reeves & Nass, 1996). The findings 
from these empirical studies have been equivocal. In part, this may have stemmed from the 
variety of measures of motivation that were used. Motivational effects of the APA were 
assessed with regard to utility, entertainment, enjoyment of working with the learning 
environment or the learning task, perceptions of task difficulty, self-efficacy belief, domain or 
task interest, willingness to continue, and satisfaction. 
The mixed outcomes of these studies could also be due to the underspecified nature of 
the APA, with regard to both its attributes and the content that it provides to the learner. That 
is, it has become increasingly clear that there is often more to the persona effect than simply 
an embodied interface (the agent’s image and voice) that enlivens the interactions with the 
computer. In addition to the discovery that variations in the visual and auditory presence of an 
APA affect the outcomes, it has also been both argued and observed that APAs often provide 
important content that affect motivation and learning (e.g., Clark & Choi, 2005; Dehn & Van 
Mulken, 2000). 
The present study adresses several of these issues. It moves away from measuring a lot 
of different aspects of motivation without having them unified by a motivational theory, by 
concentrating on the two key tenets from expectancy-value theory, namely perceptions of 
task-relevance and self-efficacy belief (Eccles & Wigfield, 2002). It also moves beyond an 
examination of the influence of the sheer presence of an APA by investigating the effects of 
an APA that is intended specifically to be motivating (mAPA). Only a few empirical studies 
examining effects of mAPAs on motivation and learning have compared the agent conditions 
to a no agent control condition (see Heidig & Clarebout, 2011). The following section 
summarizes these studies. 
 
Motivating Animated Pedagogical Agents (mAPAs) 
Plant, Baylor, Doerr, and Rosenberg-Kima (2009) examined gender influences of a 
male and a female mAPA serving as a role model. The mAPA promoted engineering by 
stressing the people-oriented nature and social benefits of this profession, and countering 
stereotypes about women and engineering. Students in the control condition did not interact 
with an agent. Changes in junior high school students’ attitudes and interest regarding 
engineering-related fields were measured, along with their scores on a math performance test. 
A significant main effect for self-efficacy belief was reported, among other findings. The self-
efficacy of both girls and boys increased significantly after interacting with the agent, 
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regardless of agent gender. However, the female agent produced significantly higher 
outcomes on the math posttest than the male agent or no agent. 
Domagk (2010) conducted two studies in which an agent instructed students about 
perceptions of depth and Gestalt laws, manipulating the agent’s social appeal. In the first, the 
mAPA was either likable, neutral, or dislikable in appearance (image). A control condition 
did not include an agent. Motivational measures administered during training yielded one 
significant outcome. The likable agent led to higher state motivation (a mixture of task 
enjoyment and self-efficacy belief) than the dislikable agent. No effect of the mAPA on 
retention was found, but there was an interaction between mAPA type and performance on 
transfer items from the posttest, where the students who had experienced the likable mAPA 
outperformed all other groups. The second study systematically varied both image (likable 
versus dislikable) and voice (likable versus dislikable). In contrast to Study 1 no effects of 
mAPA type on motivation during training were found. One significant effect for learning was 
discovered, namely that the agent with a dislikable image and voice negatively affected 
transfer when compared to all other groups. In other words, this type of agent was found to 
hurt performance. 
Arroyo and colleagues examined the effects of mAPAs on student motivation in 
several studies, paying particular attention to the influence of gender (Arroyo, Woolf, Cooper, 
Burleson, & Muldner, 2011; Arroyo, Woolf, Royer, & Tai, 2009). In these studies the mAPA 
played the role of learning companion in an intelligent tutoring system (ITS) on math for high 
school students. The agent's motivational messages were derived from Dweck’s (1999, 2007) 
research on human motivation, which draws attention to the role of attributions and effort. 
Specifically, the agent challenged the students’ conception of math ability as stable, 
emphasizing more the influence of effort and perseverance in learning math. Students were 
randomly assigned to a female mAPA, a male mAPA, or a no-agent control condition. The 
first study (Arroyo, et al., 2009) found no significant effects. The second study (Arroyo, et al., 
2011) reported a significant effect of the female mAPA on math attitudes. Boys as well as 
girls indicated a greater liking for math and also reported having developed more confidence 
in their math skills. Specific measures of motivation taken during and after training further 
revealed a gender-specific effect of the mAPA on self-efficacy belief. For girls only, there 
was a significant increase in self-confidence in solving math problems, with both the male and 
the female mAPA. No effect of the mAPA on learning was found. 
The study reported in this paper presented a female mAPA as a learning companion in 
an inquiry learning environment for science on the topic of Motion. The choice of the agent’s 
role was in line with  the aforementioned findings from Plant, et al. (2009) and Arroyo, et al. 
(2011). For females, who maybe need more encouragement in science, the gender of the agent 
accorded with Bandura’s (1997) claim that model-target similarity increases the effectiveness 
of the model. The mAPA focused on perceptions of task-relevance and self-efficacy belief. 
Design strategies for stimulating these motivational aspects have been put forward in Keller's 
model addressing attention, relevance, confidence, and satisfaction (ARCS-model; 1987, 
2010), and when implemented have repeatedly been found to lead to significant motivational 
gains for students in regular educational settings. 
 
Research Questions 
The aim of this study was to enhance motivation and learning in an inquiry learning 
environment. The fact that the environment dealt with science was important for considering 
gender effects. Three experimental conditions were compared. In the Agent condition, 
students received the support of a female mAPA who was presented as a peer student. In the 
Voice condition, the learners received the same motivational comments audibly but without 
the image of the agent. The Voice condition is a check on the criticality of the agent’s image, 
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and an exploration of an alternative, low-cost method of support (see Clark & Choi, 2005). In 
the Control condition no motivating support was given. 
The study addresses three research questions: 
(1) Do conditions and gender affect changes in motivation during training? 
Perceptions of task-relevance and self-efficacy belief were measured at three points during 
participants' working with the learning environment. The first measurement, at the start, could 
establish whether there was an initial gender difference in the target audience. Our prediction 
was that there would be a greater increase in motivation while interacting with the learning 
envirionment for the Agent and Voice conditions compared to the Control condition, and 
further that the Agent condition would increase more than the Voice condition. It was further 
expected that girls would improve more than boys in the Agent and Voice conditions, because 
the female agent/voice should be a stronger model for girls. 
(2) Do conditions and gender affect motivation after training? Our prediction was that 
motivation for future tasks after training would be higher for the Agent and Voice conditions 
compared to the Control condition, and further that the Agent condition would score higher 
than the Voice condition. In the event that a gender difference existed at the start, a further 
question was whether this would level off in the Agent and Voice conditions. 
 (3) Do conditions and gender affect learning gains? Our prediction was that the 
students in the Agent and Voice conditions would have higher learning gains than those in the 
Control condition, and further that the Agent condition would show greater gains than the 
Voice condition. 
 
Method 
Participants 
Participants were 61 third-year secondary school students (31 girls and 30 boys, 
between 14 and 16 years old). Participants were randomly assigned to conditions. 
Stratification was applied in order to have similar distribution for gender within the three 
conditions. 
 
Materials 
Learning environment 
The participants worked with a simulation-based inquiry learning environment on the 
physics topic of Motion, built in the SimQuest authoring environment (de Jong, van 
Joolingen, Veermans, & van der Meij, 2005; van Joolingen & de Jong, 2003). The topic was a 
compulsory part of the curriculum for the participants. Participants already had some prior 
knowledge of kinematics, but not on the topic of uniformly accelerated motion that was 
discussed in the learning environment. In the learning environment the topic is divided into 
three subtopics (displacement and time, speed and velocity, and acceleration), following the 
principle of model progression (White & Frederiksen, 1990). Thereby, the difficulty increases 
with each subtopic. The subtopics are each being covered in nine to ten assignments for a total 
of twenty-nine assignments with corresponding feedback. When an assignment is opened, a 
simulation interface also opens, showing one or more graphs, and an animation of one or two 
cars (see Figure 1). Each assignment poses a multiple-choice question that encourages 
students to explore or experiment with the simulation. The learning environment 
automatically gives students immediate textual feedback on the correctness of their answer. 
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Self-efficacy belief 
strategy 
Description Examples (Agent voice) 
C1: Learning 
requirements 
Express belief in students’ 
capacities 
Establish trust and positive 
expectations by explaining the 
requirements for success and 
the evaluative criteria. 
“Let’s see. This is another assignment 
about time. The last one went well. So I 
should be able to solve this one, too.” 
C2: Success 
opportunities 
Ensure success and gradually 
increase complexity 
Increase belief in competence by 
providing many, varied, and 
challenging experiences that 
increase learning success. 
“This is like the previous one. When I just 
read the assignment carefully, I will do fine.” 
C3: Personal 
control 
Indicate that student effort 
matters 
Provide feedback that ascribes 
success to personal effort, and 
use techniques that offer 
personal control (if possible). 
“Yeah. Maybe I can do these tasks after 
all.” 
Figure 4. Self-efficacy belief strategies used in constructing the agent’s comments. 
 
Questionnaires and tests 
All questionnaire responses were given on a Likert scale. Depending on the question, 
the response anchors were given as not relevant – extremely relevant, extremely poorly – 
extremely well, and so on, as appropriate. Participants answered each question on paper by 
marking a cross at the right place on an unmarked line of 10 centimeters long. The 
participant’s score was measured in centimeters with one decimal place (maximum 10). 
To assess motivation during training students were asked one question (R) on 
perceived task-relevance (i.e., “How relevant are these assignments in your opinion?”) and 
one (SE) on self-efficacy belief (i.e., “How well do you think you will do on these 
assignments”) after they had acquainted themselves with the first assignment of a new 
subtopic. Students answered the two motivation questions after assignments 1 (R1 and SE1), 
10 (R2 and SE2), and 21 (R3 and SE3). The interface instructed students on these moments 
that they were expected to request these motivation questions from the experimenter. 
To assess motivation after training students were asked six questions, identical to 
those asked during training, on perceived task-relevance (Ra1, Ra2, and Ra3) and self-
efficacy belief (SEa1, SEa2, and SEa3) for related hypothetical assignments on the three 
subtopics. As they were not actually going to work on these assignments, the participants had 
to imagine doing so. 
 A post-training Agent questionnaire, administered only in the Agent condition, asked 
eleven questions on the credibility of the mAPA (e.g.,” Emma said what I also thought” and 
“I felt just like Emma did.”). After removing two questions, reliability was good with a 
Cronbach α of 0.89. 
The learning environment logged all user actions. From these logs we analyzed the 
number of completed assignments and errors. 
Learning was assessed with a pre-test and post-test. Each test consisted of 27 multiple-
choice items with four answer alternatives. The tests measured three subtypes of knowledge 
(see Jonassen et al., 1993): conceptual knowledge (e.g., “What does the slope of the graph in 
the velocity-time diagram represent?”), structural knowledge (e.g., “Which set of concepts is 
representative of only uniformly accelerated motion?”), and procedural knowledge (e.g., 
“How do you determine the displacement of a car based on the information that is displayed 
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in the velocity-time graph?”). The items in the pre-test and post-test measured the same 
underlying constructs, but were phrased differently. 
 
Procedure 
About one week prior to the experiment students took the pre-test, for which a 
maximum time of 20 minutes was given. Training took place in a separate room where 
students could work individually with the learning environment. Students were first informed 
about the procedure for the training session. Next, the use of the learning environment was 
briefly explained. Students in the Control condition were allotted 35 minutes for their training. 
Students in the Voice and Agent condition received an additional 5 minutes to compensate for 
time that might be lost in listening to the agent. Directly after finishing training and 
completing the post-training questionnaires, students took the post-test. Students were given a 
maximum of twenty minutes to complete the post-test.  
 
Results 
Research Question 1: Do conditions and gender affect changes in motivation during 
training?  
Because the slope of the within-subject factor (time) was found to differ for the first 
two moments of measurement and the last two moments, two separate analyses were 
conducted. A repeated measures ANOVA with condition and gender as fixed factors, and 
with the scores for task-relevance (R1 and R2) at the first and second measurement points as 
dependent variables showed a trend for time, F(1,55) = 3.12, p = 0.08. There was a slight 
increase in the students’ perceptions of task-relevance. The same analysis for the last two 
measurement points (R2 and R3) revealed no significant effect. 
A similar repeated measures ANOVA with condition and gender as fixed factors, and 
with the scores for self-efficacy belief (SE1 and SE2) at the first and second measurement 
points as dependent variables showed a significant effect of time, F(1,55) = 29.71, p = 0.00. 
The scores for self-efficacy rose considerably, d = 1.42. Between-subjects analyses indicated 
that the average score of the girls was significantly lower than that of the boys, F(1,55) = 
30.34, p = 0.00, d = 1.43. The same analysis for the last two measurement points (SE2 and 
SE3) revealed a trend for time * gender * condition, F(1,52) = 2.41, p = 0.10. This outcome is 
in line with the prediction. Figure 3 shows that the self-efficacy belief of the girls continued to 
rise in the Agent and Voice conditions, and stayed equal in the Control condition. For boys 
the self-efficacy belief decreased in the Agent and Voice conditions, but rose in the Control 
condition (see Figure 4). Between-subjects analyses indicated that the average score of the 
girls was significantly lower than that of the boys, F(1,55) = 18.11, p = 0.00, d = 1.11. 
Together with an effect for self-efficacy belief, also a change in error rate was found. 
Compared to the error rates on the assignments for the subtopics one (11.8%) and two 
(13.4%) the error rate for the third subtopic almost doubled (25.5%). A repeated measures 
ANOVA with condition and gender as fixed factors, and with the scores for the error rates for 
the first and second subtopic showed a gender effect, F(1,55) = 12.01, p = 0.00, d = 0.93 
(subtopic 1: girls 15.5% and boys 7.4%; subtopic 2: girls 17.2% and boys 10.0%). For the 
second and third subtopic there was a significant effect of time, F(1,52) = 26.94, p = 0.00, d = 
1.39. For the third subtopic the error rates of the girls (26.5%) was comparable to that of the 
boys (24.5%). 
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Table 1: Mean task-relevance scores for boys and girls. 
 Boys Girls 
 During After During After 
Agent 5.61 (1.96) 6.13 (2.56) 4.80 (1.83) 5.07 (1.80) 
Voice 4.73 (1.72) 5.05 (1.92) 5.45 (1.66) 5.83 (1.74) 
Control 6.04 (2.32) 6.02 (2.35) 5.61 (1.11) 5.65 (0.99) 
Total 5.46 (2.02) 5.73 (2.27) 5.27 (1.56) 5.50 (1.55) 
Scales have a maximum of 10; higher values indicate more positive appraisals. 
 
Table 2: Mean self-efficacy scores for boys and girls. 
 Boys Girls 
 During After During After 
Agent 5.95 (1.37) 6.99 (1.18) 4.64 (1.24) 5.82 (1.88) 
Voice 5.75 (1.88) 5.60 (1.69) 4.15 (1.59) 5.08 (1.82) 
Control 6.92 (0.92) 7.48 (1.47) 4.38 (1.28) 5.23 (1.43) 
Total 6.20 (1.49) 6.69 (1.63) 4.40 (1.34) 5.39 (1.70) 
Scales have a maximum of 10; higher values indicate more positive appraisals. 
 
Research Question 3: Do conditions and gender affect learning?  
A repeated measures ANOVA, with condition and gender as fixed factors and scores 
on pre-test and post-test as dependent variables showed a significant effect of time, F(1,55) = 
60.23, p = 0.00. Scores on the post-test (M = 12.43, SD = 4.20) were substantially higher than 
on the pre-test (M = 8.56, SD = 2.68) with an effect size of d = 2.01. Between-subjects 
analyses signaled a trend for gender F(1,55) = 3.39, p = 0.07, and condition * gender, F(2,55) 
= 2.71, p = 0.08. Detailed analyses indicated that the existing gender difference in pre-test 
scores tended to level off in the Agent and Voice conditions, with boys making less progress 
than girls. In contrast, boys had larger knowledge gains in the Control condition. Table 3 
shows the pre-test and post-test scores of boys and girls in the three experimental conditions. 
 
Table 3: Pre-test and post-test scores of boys and girls in the three experimental conditions 
 Boys Girls 
 Pre-test Post-test Pre-test Post-test 
Agent 9.00 (2.87) 13.30 (4.79) 8.55 (2.88) 12.09 (5.11) 
Voice 9.20 (2.94) 11.00 (3.77) 8.20 (2.30) 12.90 (3.00) 
Control 9.70 (2.79) 14.80 (4.73) 6.70 (1.64) 10.50 (2.51) 
Total 9.30 (2.78) 13.03 (4.58) 7.84 (2.41) 11.84 (3.78) 
The maximum score was 27. 
 
Discussion and Conclusions 
This study examined whether student motivation and learning in an inquiry learning 
environment could be improved with a motivational agent (mAPA). The agent primarily 
addressed task-relevance and self-efficacy belief, the two key constructs from expectancy-
value theory (Eccles & Wigfield, 2002). The design strategies from Keller's ARCS-model 
(1987, 2010) were used for constructing the agent’s comments on these aspects. 
Significant effects of the mAPA on student motivation during training were found 
only for self-efficacy belief. The data indicated that there was an overall increase in this belief 
from the first to the second measurement point. Because there was no effect of condition or 
gender, the re-appraisal of the students may have stemmed from having developed a better 
understanding of what the learning environment expected from them and how it supported 
their behavior. After this attunement, the self-efficacy belief of the girls kept rising in the two 
experimental conditions and stayed equal in the control condition. For boys the self-efficacy 
belief decreased in the Agent and Voice conditions, but rose in the Control condition. 
Analyses revealed that the shift coincided with a strong increase in error rates. For the third 
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subtopic students made almost twice as many mistakes in their assignments as for the first two 
subtopics. Perhaps the rise in error rates, in combination with the gender difference in 
credibility rating of the agent, worked out especially favorable for girls, making them more 
susceptible to the comments of the mAPA. With regard to the agent appraisals it is important 
to note that the agent deliberately used the word “I” to give students the impression that this 
was really a fellow student, rather than a guide because the latter would be more likely to use 
the word “you” in her comments. The idea was that the model-target similarity would become 
more salient when students could explicitly identify with the agent. For the girls this seemed 
to have worked out well. 
An alternative explanation for the interaction may be that the effect of the motivating 
agent hinged on the strength of the student’s initial self-efficacy belief. That is, the girls’ low 
self-efficacy score at the beginning of the training may signal a fragile starting point, one that 
is likely to increase with support under special circumstances (i.e., an unexpected rise of the 
task difficulty level). 
Analyses of the motivation scores after training indicated that students’ perceptions of 
task-relevance and self-efficacy had significantly increased under the influence of having 
worked with the inquiry learning environment. There was not a main effect of condition, nor 
of gender. A significant interaction for time and gender showed that, compared to boys, the 
self-efficacy belief of girls had increased more, but still remained significantly below that of 
the boys. The responses to the motivation questions after training refer to new assignments for 
the subtopics that students had just been practicing on. In other words, these data signal not 
just an increase over time, but of what the students take away with them from having had this 
experience. 
Substantial learning gains in all conditions speak favorably of the basic set-up of the 
inquiry learning environment. That is, all groups benefitted from the guidance that was 
offered through the model progression and assignments in the environment (de Jong & van 
Joolingen, 1998). Learning may also have been positively influenced by attractiveness of the 
interface. Students had already indicated in the pilots that they liked to work with the inquiry 
learning environment; they found the environment an attractive method of learning about the 
topic of motion. However, Dehn and Van Mulken (2000) warned that when the interface is 
visually attractive and engaging from the start, the presence of an APA might not make much 
of a difference. 
An interesting trend for an interaction between condition and gender on learning gains 
was found. Detailed analyses indicated that this trend stemmed from boys doing better in the 
control condition and girls doing better in the experimental conditions. Considering the fact 
that motivational support can only indirectly contribute to an effect on learning, the presence 
of a trend in the predicted direction is a promising finding. 
 
When research on APAs moved into the arena of education, this led to a gradual shift 
in attention regarding the agent’s features. From an emphasis on the agent’s visual and 
auditory presence (external properties), the design efforts began to concentrate more on the 
agent’s actions or instructional methods (internal properties). For educational purposes the 
latter are considered to be critical (Moreno, 2005), but the distinction is not as black and white 
as it may appear. There are two caveats. 
One, the agent should probably be sufficiently believable or credible to affect the 
learner. This requires attention to each and every facet of the agent’s presence. In studies that 
specifically attend to voice, it is frequently mentioned that it should have certain qualities that 
are hard to achieve in computer-generated voices. For this reason, the agent’s comments are 
typically recordings of a human voice (see Domagk, 2010; Hershey, Mishra, & Altermatt, 
2005). In our study, the agent’s voice was completely computer-generated, and at times 
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somewhat monotonous. Still, it appeared to have worked well. Whether or not qualities such 
as likability and use of the proper clothing for representing a certain role are also important 
for the agent’s credibility is an open question. The same can be said for the agent’s nonverbal, 
affective expressions. In our study, the mAPA regularly ventilated her moods nonverbally to 
complement her comments, just as the motivational agent did in the studies of Arroyo et al. 
(2009, 2011). It is not clear whether these expressions really mattered. Based on the findings 
that the effects for the Agent and Voice condition were similar in our study, questions the 
importance of the agent’s embodiment. It suggests that, for this learning environment, it may 
not be necessary to spend a considerable effort on realizing a technically demanding solution 
where a more simple and low-cost method may also suffice (see Clark & Choi, 2005). 
Two, it is not entirely clear or self-evident which actions or methods are vital for a 
pedagogical agent to affect motivation and learning. In Moreno’s (2005) discussion of the 
agent’s internal properties, strategies are mentioned such as cognitive load reduction, external 
memory expansion, feedback, modeling, and guidance. The list could be expanded with 
worked examples, advance organizers, and adjunct questions, among others. All of these 
features are clearly relevant for education. They have proven their value in many empirical 
studies and form candidates for the design of a pedagogical agent. But what about the agent's 
general communication strategies that have been on the agenda of agent studies right from the 
start? Here, too, one should assume that the agent needs to satisfy minimal communicational 
demands. In addition, recent research suggests that educational benefits may also be found 
from APAs based on specific communication theories. That is, Wang, et al. (2008) developed 
and tested the effects of a mAPA whose communication strategies, dubbed ‘motivational 
tactics’, were based on Brown & Levinson’s (1987) politeness theory (i.e., freedom of choice 
or student autonomy, and approval or performance feedback). Their experiment pitted two 
politeness conditions against each other. In one, students communicated with an impolite 
mAPA who disregarded learner face (e.g., ”You did not save your factory parameters. Save 
them now.”). In the other, a polite mAPA gave students feedback that promoted learner face 
(e.g., “How about if we save our factory now?”) and mitigated face threats (e.g., “Do you 
want to save the factory settings?”). A difference was predicted but not found for the two 
groups in students’ self-efficacy belief, but a significant effect was found for learning. 
Students who had worked with the polite agent scored better on a learning test taken after 
training. Somewhat surprisingly, an earlier study had yielded exactly the opposite results 
(Wang, Lewis Johnson, Rizzo, Shaw, & Mayer, 2005). That is, self-efficacy belief was raised 
significantly more by the polite agent than by the impolite agent, but agent condition had no 
effect on learning. 
The studies by Wang et al. (2005, 2008) exemplify a design approach in which the 
agent’s actions are based on a mixture of general guidelines for communication (e.g., 
politeness norms or rules) and specific guidelines for educational settings (e.g., student 
autonomy and performance feedback). This is probably a necessary condition for designing 
the agent’s internal properties. Agent communications should not be based solely on what 
(psycho)linguistic theory dictates as proper, nor can agents attend solely to educationally 
relevant actions. The equivocal outcomes for Wang et al. indicate that considerable fine-
tuning of the agents’ verbal behaviors may be needed to achieve robust results. 
To conclude, there is nothing amiss with an emphasis on designing the agent’s internal 
properties, as long as sufficient attention is also paid to the agent’s external properties. The 
question that then invariably remains is when an agent is credible enough. Research indicates 
that this question is more difficult than it seems. Also, one should probably aim for complex 
mixed designs of APAs to influence student motivation and learning. It may be an illusion to 
believe that it is possible to design a “purely” motivational agent that works. The multifaceted 
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nature of designing a ‘mixed’ agent may be an important reason why so many empirical 
studies have reported equivocal outcomes (see Heidig & Clarebout, 2011).   
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